We investigated the genotoxic effect of nebuloside-A on whole blood DNA by using alkaline Single Cell Gel Electrophoresis Comet assay. Saponins are a widespread class of bioactive compounds produced by many plant species. Nebuloside A was isolated from baby's-breath (Gypsophila arrostii) by high performance liquid chromatography method. Mass spectra obtained by electrospray ionizationtime of flight-mass spectrometry in a negative ion mode to reduce the protonation. Complete nuclear magnetic resonance spectroscopy assignments of nebuloside A was achieved by using 2D-nuclear magnetic resonance spectroscopy techniques, such as double-quantum filtered correlation spectroscopy, heteronuclear single quanthum correlation, heteronuclear multiple-bond correlation, and total correlation spectroscopy. DNA damage was measured in total arbitrary units by visual scoring of comets in different concentrations of nebuloside A and H 2 O 2 treatments. We found that significant dose dependent relationship between nebuloside A and its genotoxic effect.
INTRODUCTION
Mutations are an important cause of the initiation and progression of many diseases, including atherosclerosis, heart diseases, and cancer. Phytochemicals that reduce mutagenesis may offer preventive potential. [1] Saponins in general are surface active compounds which give stable foams in water and known to effect the plasma membrane of living cells and model membranes by interacting with cholesterol. They are mainly produced by plants and of lower molecular weight (2 < kDa). [2] Because of their lyobipolar properties, they are able to interact with cell membranes and are also able to decrease the surface tension of an aqueous solution. This activity is reason for the name of saponin, derived from Latin word sapo, which refers to formation of a stable soap-like foam in aqueous solution. [3] Saponins present a broad spectrum of biological uses, such as anticancer, cytotoxicity enhancing effect on some type-I ribosome inactivating proteins (RIPs), antiinflammatory, ion channel blocking, immune stimulating, antifungal, antithrombotic, and hypocholesterolemic property. [4] [5] [6] [7] The COMET assay (single-cell gel electrophoresis (SCGE) is versatile, relatively simple to perform, and sensitive method for detection of DNA single-and double-strand breaks, crosslinks, base damage, and apoptotic nuclei in individual eukaryotic cells. [8 , 9] This technique measures the DNA damage and can used for the evaluation of genotoxic and cytotoxic effects of physical and chemical agents on organisms. [10] Also, it can used as a highly versatile biomonitoring tool for nutraceutical research. [11] Currently, there are many studies on the genotoxic/antigenotoxic and mutagenic/antimutagenic effects of the plants saponins using COMET assay. [12 , 13] We investigated the genotoxic effect of nebuloside-A on whole blood DNA by using alkaline SCGE COMET assay as described by Singh et al. with minor modifications. [14] MATERIALS AND METHODS
Isolation and Characterization of Nebuloside-A
Nebuloside A was isolated from baby's-breath (Gypsophila arrostii) cultivated in Isparta, Turkey. Plant samples were harvested in April 2013 at Isparta province and authenticated by Professor Ali Celik. We have previously isolated the nebuloside A and the methods for isolation, mass analysis and structural elucidation of nebuloside A are defined in the article by Arslan et al. [4] Chemicals All chemicals used int this study were of analytical grade and supplied by Merck Chemicals (Darmstadt, Germany). Ultra-pure water (18.2MΩ) was produced by a Milli-Q Plus filtration system from Millipore (Molsheim, France).
SCGE (COMET Assay)

Slide preparation
We investigated the genotoxic effect of nebuloside-A on whole blood DNA by using alkaline COMET assay as described by Singh et al. with minor modifications. [14] Human peripheral blood was obtained under sterile conditions from a healthy non-smoking volunteer by venipuncture using a sterilized vacutainer tube containing tripotassium ethylenediaminetetraacetic acid (K 3 -EDTA). Various volumes of blood were incubated for 1 h at 37°C with (at final concentrations of 5, 10, 20, and 50 μg/mL, 500 μL final volume) and without the use of (as a negative control) nebuloside A. Moreover, blood was also incubated with H 2 O 2 (in 1/10 phosphate buffered saline, phosphate buffered saline (PBS), at a final concentration of 100 μM, final volume of 500 μL) for 10 min at 37°C as a positive control. Fully frosted slides were covered with 1% normal melting point agarose (NMPA) in 1/10 PBS and were allowed to dry at room temperature. Then,10 μL blood were mixed with 75 μL of low melting point agarose (LMPA, 1% in 1/10 PBS) at 37°C. Eighty μL of blood-LMPA suspension was pipetted onto pre-coated slides. The slides were covered with coverslip and were allowed to solidify on an ice pack for 5 min and then the coverslips were removed. The slides were immersed in ice-cold lysis solution (2.5 M NaCl, 100 mM EDTA, and 10 mM Tris, pH 10.0, with freshly added 1% Triton X-100 and 10% dimethyl sulfoxide, DMSO), and incubated overnight at 4°C. Then, the slides were placed in a horizontal electrophoresis chamber containing freshly-prepared alkaline buffer (300 mM NaOH and 1 mM EDTA, pH > 13.0) at 4°C for 30 min to allow unwinding of the DNA.
Electrophoresis and staining
Electrophoresis was conducted in the dark at 4°C for 30 min at 25 V and 300 mA in order to prevent additional DNA damage. The slides were then neutralized in a neutralizing solution GENOTOXICOLOGICAL ASSESSMENT OF NEBULOSIDE A (0.4 M Tris, pH 7.4) to remove excess alkali. The gels were then dried for 1 h at room temperature.
The slides were stained with silver nitrate as described by Nadin et al. with slight modifications and then were fixed for 10 min in a solution containing trichloroacetic acid (15%), zinc sulfate (5%), and glycerol (5%). Then, the slides were washed three times in deionized water and then incubated with a staining solution containing 66 mL solution A (5% sodium carbonate) and 34 mL solution B (0.2% silver nitrate; 0.2% ammonium nitrate; 0.5% tungstosilicic acid; 0.15% formaldehyde; and 5% sodium carbonate) until a light-gray color appeared. [15] Then, the slides were washed three times in deionized water and the reaction was stopped using 1% acetic acid, then washed twice in deionized water, and stored in light-protected boxes until analysis.
Image analysis
The slides were analyzed at 200× magnification using a light microscope (Olympus B×51) and COMETs were scored visually. One hundred cells per group and two slides per blood sample were analyzed (50 randomly chosen cells from each of two replicate slides). DNA damage was expressed as arbitrary units (AUT) based on the classification of COMETs into five categories (0-4) proposed by Collins et al.: ranging from undamaged (0) to maximally damaged (4; Fig. 1 ). The total amount of DNA strand breakage was expressed in total AUT defined as: (percentage of cells in class 0 × 0) + (percentage of cells in class 1 × 1) + (percentage of cells in class 2 × 2) + (percentage of cells in class 3 × 3) + (percentage of cells in class 4 × 4). Scoring was performed in triplicate.
Statistical analysis
All data were expressed as means ± SD. Statistical analyses were done by ANOVA and Post Hoc test using SPSS 16 (SPSS, Inc. Chicago, IL); a p value of < 0.05 was considered statistically significant. 
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RESULTS AND DISCUSSION
We investigated the genotoxic effect of nebuloside-A on whole blood DNA by using alkaline COMET assay. [14] The saponin compound tested was isolated from Gypsophila arrostii and determined to be nebuloside A by comparing its NMR data with those published in the literature. [4] The structure of nebuloside A was identified as (Fig. 2) . DNA damage was measured in total AUT by visual scoring of COMETs in different concentrations of nebuloside A and H 2 O 2 (100 μM) treatments. As it can be clearly seen Fig. 3 , nebuloside A demonstrated a significant DNA damaging effect in concentration-dependent manner on whole blood DNA using alkaline COMET assay.
We previously reported that nebuloside A had significantly enhanced the toxicity of saporin a type-I RIP without causing toxicity by themselves at 15 μg/mL as indicated by the comparison to the toxicity of saporin alone on ECV-304 cell line. [4] The maximal DNA damage was found at the concentration of 50 and 20 μg/mL, respectively. Herein, it seems that our results supported this study.
Currently, the DNA damaging effects of the saponins have gained considerable attention. Berhow et al. [16] reported that the antimutagenic activity of soybean saponins in mammalian cells. Also, total saponins from Panax ginseng significantly reduced the genotoxicity of cyclophosphamide in bone marrow cells and peripheral lymphocyte cells. [17] Moreover, it was shown that saponins mixture (saponins A, D, E, G, J, K) obtained from Nauclea species induced synergistic in vitro DNA-damage and chromosome mutations in mammalian cells. [18] Also, the DNA damaging effect of the fractions of Glinus lotoides containing hopane-type saponins was reported. [19] Similarly, in the present study, we found that a significant DNA damaging effect of the nebuloside A at concentrations of 5, 10, 20, 50, μg/mL on human blood DNA using alkaline COMET assay. Mean values ± SD of visual scoring of the COMETs in different treatment groups are presented in Fig. 2 . The distributions in the mean COMET scores of all different concentrations of nebuloside A and 100 μM H 2 O 2 treated human whole bloods were significantly different from control (p < 0.05). Statistically significant difference has also been observed between 5 and 50 μg/mL saponin-treated group (p < 0.05). The results revealed that nebuloside-A had genotoxic effects at all doses tested in GENOTOXICOLOGICAL ASSESSMENT OF NEBULOSIDE A concentration-dependent manner on human blood DNA. However, Fig. 3 show that different levels of damage of human blood cells in COMET assay. It is clearly seen that the difference between class 0 (undamaged) and class 4 (maximum damage; Fig. 3 ).
Medicinal plants are commonly rich in different phytochemicals which have multiple biological effects. [20 , 21] Liu et al. [18] reported that the genotoxicity of the saponins present in Nauclea genus was probably due to their capacity to reduce cell defense against oxidative stress through the inhibition of glutathione-S-transferase activity. Similarly, nebuloside A may reduce the cell defense against oxidative stress and cause the DNA damage. But, further investigation is required to identify the molecular mechanism underlying this effect.
FUNDING
This study was supported by Pamukkale University Scientific Projects as post-doc project (2012BSP015).
ORCID Idris Arslan http://orcid.org/0000-0001-7634-7148
